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ABSTRACT
Objective: The aim of this study was to investigate the survival potential of the fat grafts inside the implant capsule in an experimental 
setting.
Materials and Methods: Twenty male Wistar albino rats were used. A two-staged surgical procedure was performed. In the first stage, 
silicone sheets were placed in the subcutaneous plane on the left side of each rat. On day 60, fat grafts injected into the silicone capsule 
either by removing the silicone sheaths or leaving the silicone sheaths in their place. In both groups, the same amount of the fat grafts 
was injected into the right side of the dorsal subcutaneous plane of the rats and they served as their own controls. The findings were 
evaluated according to the histopathological criteria.
Results: There was no statistically significant difference in the inflammatory cell infiltration, fibrosis, and necrotic adipocytes among 
the groups. Although, the fat viability rate was higher in control groups, there was no statistically significant difference compared to 
the capsule or silicone groups (p>0.05).
Conclusion: Our study results suggest that implant capsule is a hospitable environment and resection of the capsule is unnecessary, if 
silicone implants are expected to be removed following fat injection.
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1. INTRODUCTION

The fibrous tissue capsule formation surrounding silicone 
implants is the natural consequence of inflammatory 
mechanisms and wound healing processes [1-3]. Silicone 
implants are widely used in aesthetic and reconstructive breast 
surgery and are associated with complications, which give rise 
to many discussions. Despite the debate, an implant capsule 
is applied as a local flap, a graft material, or even as a vascular 
carrier which enable the graft to take over itself thanks to its 
natural, well-vascularized tissue layer [4].
Inrecent years, fat grafting has been increasingly used in 
aesthetic and reconstructive breast surgery, as it yields symmetry 
and natural consistency of the breast tissue with the ability of 
camouflaging the irregularities [5-12]. Tissue layers between 
the capsule and skin is the favorable plane of injection for 
the fat grafts [13]. However, there is a relatively limited space 
for injection without excessive increase in the pressure of the 
recipient compartment, leading to a higher amount of graft loss. 
Despite the well-vascularized nature of the implant capsule and a 
considerably larger space inside the implant pocket, fat injection 

is practically avoided. In addition, there is a limited number of 
data regarding the survival of the fat grafts inside the implant 
pocket, which offers an ample space and well-vascularized bed 
for fat grafts.
In the present study, we aimed to investigate the survival 
potential of the fat grafts inside the pocket for the silicone 
implant in an experimental setting.

2. MATERIALS and METHODS

Study population

All experimental protocols were approved by the Local Ethics 
Committee (Date: 04.01.2016/No.004.2016.mar) on Animal 
Experiments at Marmara University, School of Medicine and 
were under the National Institute of Health guidelines for the 
Care and the Use of Laboratory Animals. All surgical procedures 
were performed at the Experimental Animal Laboratory of 
Marmara University, School of Medicine.
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A total of 20 male Wistar albino rats with a mean weight of 500 
(range, 450 to 550) g were used. All subjects were fed with a 
standard diet and were sedated using ketamine (Ketalar® Pfizer, 
Turkey) and xylazine (Rompun® Bayer, Turkey) [14,15]. Dorsum 
of the rats were shaved with an electric razor and prepared for 
surgery. A non-sterile, but clean surgical technique was used. 
A two-staged surgical procedure was adopted in all subjects. 
In the first stage, 2x1-cm silicone sheets were placed in the 
subcutaneous plane on the left side of each rat through a 1-cm 
incision (Figure 1). On day 60, the second stage of surgery was 
performed by harvesting the fat grafts from the inguinal fat pad 
on both sides of the subjects. The collected specimen was gently 
minced with scissors and filled into 2-cc syringes. The implant 
pockets on both sides of the rat were, then, exposed.

Figure 1. Silicone sheet placement in the subcutaneous plane on left 
side through a 1-cm incision.

All subjects were divided into four groups according to the 
presence of the silicone sheath inside the implant pocket. In the 
first group (n=10), silicone sheaths were removed and 1 cc of 
the fat graft was injected into the implant pocket (Figure 2). In 
the second group (n=10), the same amount of the fat graft was 
injected into the left implant pocket, leaving the silicone sheaths 
in place. The pockets were, then, closed with three separate 
absorbable sutures.
In both groups the same volume (1 cc) of the fat graft was 
implanted into the right side of the dorsal subcutaneous plane 
of the rats through a separate incision and they served as their 
own controls. As a result, two study groups were divided into 
two subgroups as follows:
 Group 1 (Left side – Capsule Group) – Fat grafts inside 
the silicone implant pocket  without an implant.
 Group 1 Control (Right side – Capsule Control 
Group) – Subcutaneous fat grafts.
 Group 2 (Left side – Silicone Group) – Fat grafts inside 
the silicone implant pocket with an implant.

 Group 2 Control (Right side – Silicone Control 
Group) – Subcutaneous fat grafts.
All subjects were caged separately and sacrificed at the end 
of four months. The capsule and fat grafts were identified 
macroscopically through a midline incision and excised with 
surgical safety margins. Finally, fat grafts were sent to histological 
examination in formaldehyde solution.

Figure 2. 1-cc of fat graft injection into the implant pocket following 
silicone sheath removal through previous incision.

Histological examination

Adipose tissues which were fixed in 10% formaldehyde solution 
were dehydrated in ascended alcohol series, clarified in xylene, 
and embedded in paraffin. A 5-µm-thick paraffin sections were 
stained with hematoxylin & eosin (H&E) for histopathological 
evaluation. In each section, five similar areas were evaluated at 
x200 magnification through light microscope (Olympus BX-51; 
Olympus Life Science, Tokyo, Japan) by two blinded histologists 
and photographed with a digital camera (Olympus DP72, 
Olympus Corp., Tokyo, Japan). The modified histopathological 
criteria were inflammatory cell infiltration, presence of cyst 
formation, fibrosis, fat necrosis, and viable fat tissue [16]. Each 
criterion was scored as none (0), mild (1), moderate (2), and 
extensive (3), being a maximum score of 15.

Statistical Analysis

Statistical analysis was performed using the Statistical Package 
for the Social Sciences (SPSS) version 15.0 software (SPSS Inc., 
Chicago, IL, USA). Descriptive data were expressed in mean ± 
standard deviation (SD), median (min-max), or number and 
frequency. The Kruskal-Wallis test (nonparametric analysis of 
variance [ANOVA]) was used to analyze significant differences 
among the groups. A p value of <0.05 was considered statistically 
significant.
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3. RESULTS

Macroscopic findings

Significant vascularity was observed around the capsules filled 
with fat grafts (Group 1) which had regular borders and a 
globular shape (Figures 3-5). In the control group, fat grafts were 
shaped irregularly.

 
Figure 3. Fat grafts in capsule group on left side and capsule control 
group on right side.

 
Figure 4. Fat grafts in silicone group on left side and silicone control 
group on right side.

Figure 5. A circular shaped fat graft of capsule group on left side and an 
irregular-shaped fat graft of capsule control group on right side group 
are seen.

Microscopic findings

Histopathological results showed a cyst formation with 
vascular congestion, inflammatory cell infiltration, mast cells 
adjacent to the blood vessels, fibrosis, and viable and necrotic 
adipocytes in both study groups and controls (Figure 6). There 
was no statistically significant difference in the inflammatory 
cell infiltration, fibrosis, and necrotic adipocytes among the 
groups (0.9931, 0.2882, 0.8621). However, the number of 
viable adipocytes was higher in the control groups (Table I). 
Increased degranulated mast cells, vascular congestion, and 
large cyst formation were moderate in capsule and its control 
group.

Figure 6. Representative light micrographs seen in experimental 
groups. Cyst formation (c), inflammatory cell infiltration (arrow), mast 
cells (arrow head), fibrosis (f), viable (l) and necrotic (n) adipocytes are 
seen in all groups under H&E staining (x200); insets (x400. a) Capsule 
group; b) Capsule control group; c) Silicone group; and d) Silicone 
control group.

Inflammation scores were similar in all subgroups. Although 
the fat viability was higher in the control groups, there 
was no statistically significant difference compared to the 
capsule or silicone groups (p=0.2336). The cyst formation 
scores were also similar in both subgroups, indicating no 
statistically significant difference (p=0.2711) (Table I). 
Histopathological results showed cyst formation, vascular 
congestion, inflammatory cell infiltration, mast cells close 
to the blood vessels, fibrosis, viable and necrotic adipocytes 
in all groups. Inflammatory cell infiltration, fibrosis and 
necrotic adipocytes were similar in all groups. Viable 
adipocytes were more extant in lipid and silicone control 
groups. Increased and degranulated mast cells, vascular 
congestion and large cyst formation were moderate in the 
lipid experiment group.
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Table I. Modified histopathological criteria scores

Inflammation Cyst Fibrosis Viable fat Necrotic 
fat Total

Capsule 
group 2.25 (0.67) 2.8 (0.34) 2.15 

(0.88) 1.9 (0.73) 1.4 (0.87) 10.5 
(1.77)

Capsule 
control 
group

2.2 (1.13) 2.5 (0.97) 2.3 (1.15) 2.1 (0.84) 1.3 (0.94) 10.4 
(3.2)

Silicone 
group 2.25 (0.75) 2.31 

(0.88)
1.75 

(0.65)
1.25 

(0.53) 1.5 (0.92) 9.06 
(1.78)

Silicone 
control 
group

2.13 (0.79) 1.75 
(0.88) 2.5 (0.92) 2.13 

(0.95)
1.75 

(0.88)
10.25 
(1.90)

p value p=0.9931 p=0.2711 p=0.2882 p=0.2336 p=0.8621

Data are given in mean and standard error (SEM) in brackets, unless otherwise 
stated.

4. DISCUSSION

Fat grafting, which has been performed for more than one 
hundred years, Coleman [17] first refined the technique in 
1997. Since then, autologous fat grafting as a reliable natural 
filler has been increasingly adopted with more consistent 
results. Currently, it is used for various purposes in aesthetic and 
reconstructive breast surgery with most common indications 
being the aesthetic or reconstructive augmentation of the breast 
with or without silicone implants, correction deformities and 
asymmetries of the breast, and the refinement of the soft tissues 
covering the breast implants [18,19]. However, the reabsorption 
rate of fat grafts widely varies ranging from 0 to 44% and often 
undergo fat necrosis [20].
A fibrotic capsule surrounding the silicone implants is the 
natural result of wound healing processes which aggravates 
within two months [1-3,21,22]. It acts as a barrier between 
the tissue and the implant. The capsule is a vascular fibrous 
tissue which receives a significantly higher blood flow than the 
surrounding soft tissues [23]. Although, it may also serve as an 
ideal recipient surface for graft harvesting, pericapsular soft 
tissue is the preferred recipient bed for fat grafts in the clinical 
practice, and fat injection inside the implant pocket is avoided 
[13]. On the other hand, data regarding the outcome of the 
injected fat grafts inside the pocket are scarce. The present study 
was, therefore, designed to investigate the outcome of fat grafts 
inside the implant pocket. Our study results showed that fat 
grafts survived inside the implant pocket in a similar size to the 
environment following the removal of the implant. Fat survival 
score of the capsule group was not significantly different than 

in the control groups. However, this finding is not consistent 
with the results of Yazawa et al., who reported poor survival of 
fat grafts inside their pocket for silicone implants without the 
treatment of basic fibroblast growth factor (bFGF) [24]. In our 
study, on the other hand, no growth factors or substitutes were 
available to enhance the vascularity. We used ordinary silicone 
implants which is compatible with the clinical setting. The 
discrepancy between the results of Yazawa et al. , and our results 
can be attributed to the distinct properties of the implanted 
object in their study. These authors used silicone implants 
coated with a photoreactive gelatin containing bFGF [24]
It has been well-established that the presence of a foreign body 
in a physiological environment promotes ongoing stimulation 
for inflammatory mechanisms which does not offer a well-
disposed bed for graft survival [2,26]. In our study, fat grafts 
survived inside the implant pocket even in the presence of 
implants. However, the survival rate of fat grafts in the silicone 
group was significantly lower than in the controls. This decline 
can be explained either with the ongoing foreign body reaction, 
which increases the resorption rate of the fat grafts, or with the 
possible pressure effect of the implant. This finding is likely to 
support the clinical practice which avoids the arrangement of fat 
grafts inside the implant pockets.
Fibrosis is an indication of fat graft loss due to an unfavorable 
recipient bed. Another interesting finding of the present study 
is the lower fibrosis rate in the capsule and silicone groups, 
compared to relevant control groups. Although, increased 
neutrophil and fibroblast infiltration into the implant capsule 
has already been reported in the literature [1,27] , extensive 
collagen deposition might have isolated the fat grafts from 
the surrounding tissues as a barrier to reduce the fibroblast 
migration into the grafts.
The geometric effect of the implant capsule on fat graft survival 
is another major theme. Fat grafts in the capsule group had well-
defined borders with a spherical shape. The silicone capsule 
served as a three-dimensional scaffold for the fat grafts and 
might have provided surgeons with another reconstructive 
option with fat grafts to achieve the desired shape and size.
Nonetheless, there are some limitations to this study. The 
low sample size might have contributed to the bias. In our 
experimental design, each subject served as its own control to 
reduce the amount of error in a limited sample size. Geometry 
of the implant pockets can be considered another limitation. 
Fibrous capsule pockets in our study were formed by the 
implantation of flat silicone sheaths offering a better contact 
surface for the fat grafts to survive. However, in the relevant 
clinical scenario, the implant pockets would be more extensive 
and rounder. Therefore, the viability of graft lobules at the core 
of the injection bulk would be questionable.

Conclusion

In conclusion, to the best of our knowledge, this is the first 
controlled study to investigate the outcome of the fat grafts inside 
the silicone implant pockets without using any intervention for 
vascularity enhancement. Our study results indicate that a pocket 
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for the silicone implant is a hospitable environment for fat grafts 
following the removal of the implant. In addition, resection of 
the capsule seems to be unnecessary, if silicone implants are 
expected to be removed following fat injection. Although, our 
results in the experimental setting demonstrate that the survival 
rate of fat grafts inside the implant pocket confirms a satisfactory 
three-dimensional shape, further large-scale studies with higher 
volumes of fat grafting in larger pockets are required to establish 
its clinical relevance.
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